In many animals, eggs within a clutch emerge more or less at the same time. A new study identifies vibrations of eggs cracking open as the cue that triggers synchronous emergence in an insect.
Eggs! We know lots about them. People eat birds' eggs, and the outer shell and semi-liquid contents are so familiar that they are unremarkable in our everyday lives. Many primary school children have eggs of domesticated birds, such as chickens or ducks, in their classrooms and monitor their incubation until they are broken open by a chick or duckling that has been active and growing inside. Some even hear sounds coming from inside the egg shortly before the egg starts to crack. What is less clear for many animals is what initiates the hatching process. Empirical evidence suggests that the embryo assesses the cost and benefits of remaining in the egg or emerging to the outside world [1] . Yet, in many species, eggs as part of a clutch hatch in synchrony, with the whole clutch hatching almost at the same time. This can occur even if the conditions appear to be less favorable than any individual embryo's best option for survival [2] . In other words, the risk of immediate death from predation might be higher before hatching than risk from eventual death due to other causes after hatching. Some clutches hatch after detecting risk cues from predators or pathogens, while others are under parental control. The synchrony of yet others is induced by cues from embryos in their own clutch [1] . Now, a rare study of synchronized hatching in an invertebrate (but see [3] ), is reported in this issue of Current Biology: Jun Endo, Hideharu Numata and colleagues [4] provide strong empirical evidence that egg clutches of the brown marmorated stink bug (Halyomorpha halys) hatch synchronously triggered by vibrations of one egg cracking.
Biotremology is one of the newest, and still emerging, disciplines in biology. Biotremology is the study of vibratory communication behavior through use of substrate-borne boundary, or surface, mechanical waves [5] . Behavior induced by a cue might not be accepted by all animal behaviorists as a form of communication in the strictest sense of the term, but the work of Endo and colleagues [4] fits comfortably into the discipline of biotremology. Adult brown marmorated stink bugs do signal through at least five distinct surface-borne mechanical waveforms to communicate during mate location and pair formation [6] . Endo and colleagues [4] now report that embryos still in the egg use a short pulse of mechanical vibrations, produced as the first egg of the clutch hatches, as a cue to induce rapid hatching of the other eggs within a 15-minute time span ( Figure 1 ). Good science generates as many possible answers to a question as the human mind can imagine, and then tries to prove each of the answers (hypotheses) are false. For the brown marmorated stink bug, the embryos in an egg clutch could possibly hatch synchronously in response to a chemical signal, an airborne sound, or maybe a surface-borne vibration that passes either through the substrate or the egg mass itself. A mechanical cue could be produced by the earliest hatching embryo or by a nymph that has already emerged from the egg. Through a clean, yet elegant, experimental design, Endo and colleagues [4] have eliminated candidates for the effective hatching stimulus due to transmission of information via sound or chemical cues. They have also shown that other eggs in the clutch begin to hatch before the first-hatching nymph has emerged. Furthermore, through playback experiments Endo and colleagues [4] identify the short pulse of mechanical vibrations, produced at the moment the first egg hatches, as the cue that induces synchronized hatching. Finally, the mechanism of cue production has been identified as the cracking of the egg along the edge of an operculum after repeated pushing of the spot by an 'egg burster' structure located on the forehead of the embryo (Figure 1 ). The nymph then widens the opening of the cracked egg and emerges from the clutch [4] .
One of the most complete stories of induced synchronized hatching comes from the red-eyed tree frog, Agalychnis callidryas. The embryos of this frog hatch in a rapid, synchronized response to predation-induced vibrations that travel through the egg clutch. Females place egg clutches on leaves that hang over pools of water. As embryos hatch, they fall into the pools, where they develop. In the absence of predators, the timing of individual egg hatching is plastic and based on adaptive individual assessment of the most favorable cost:benefit ratio for that embryo. Yet, predators are common and include snakes, which can eat an entire clutch of eggs with a few bites, as well as wasps, which are mostly a threat to embryos closest to the wasp. Entire clutches hatch in synchrony when a snake attacks, while those embryos closest to the wasp hatch in synchrony [7] [8] . The red-eyed treefrog even has a mechanism for induced synchronous hatching that remotely parallels the use of the egg burster in the stink bug. In the frog, the embryo has a dense aggregation of hatching glands, but only on the snout. These glands contain vesicles of lytic enzymes. The embryo goes through a sequence, while inside the intact egg, of shaking and gaping. Then a hole forms in the vitelline membrane as it ruptures near the embryo's snout, and the embryo wiggles out the hole as it exits the egg. The shaking and gaping responses occur immediately following detection of a snake-induced vibration, and the embryos thus hatch in synchrony R16 Current Biology 29, R16-R37, January 7, 2019 ª 2018 Elsevier Ltd.
following detection of the cue [9] . Details at this level of sophistication are not known for many relatives of either the red-eyed treefrog or the brown marmorated stink bug.
For the brown marmorated stink bug it remains to be seen whether the short pulse of mechanical vibrations can pass through the substrate, in addition to the bodies of the eggs, which typically are in direct contact with each other in the clutch. Based on current understanding of waveform propagation, at the boundary between two distinct media (e.g. a substrate to which a clutch of eggs is attached and the actual mass of the egg clutch) mechanical vibrations traveling in one medium are always transferred to the other medium, back and forth [5] . Therefore, the short pulse of vibrations almost certainly passes through the substrate if played through the egg clutch, which is attached to the substrate. However, Endo and colleagues [4] confirmed that eggs in contact with each other, even if separated by killed eggs, would quickly hatch in significantly higher proportions than if the eggs were separated by 1 mm of space. Indeed, single eggs attached to the same substrate hatched at a higher rate than single eggs that were on adjacent, but non-continuous, substrates. In each case, surface vibrations in the substrate could have potentially influenced embryos still in an egg [4] .
While in amphibians the benefit of synchronized hatching to escape imminent predation may be more obvious, Endo and colleagues [4] do offer a hypothesis for why hatching is synchronous, even if this has not been confirmed at this time. Stink bug eggs do not hatch in synchrony to facilitate mass migration of nymphs from the hatching location [1] because nymphs do not migrate right away. Nymphs, however, do cannibalize unhatched eggs. Thus, a clear benefit of synchronized hatching might be to avoid cannibalism by siblings hatching at the same time.
Pure science has intrinsic value simply by providing tested answers that allow us to tell a new and interesting story of how things work on our planet. However, the brown marmorated stink bug, which is native to Asia, has recently established itself in Europe, North America and South America as a year-round crop pest in some areas. Learning details of its life history to find options for disruption of mating and successful hatching of young definitively has practical value as well. Still, a significant value of the work by Endo and colleagues [4] is that induced synchronous hatching may not be as rare in the natural world as we think. They have shown us that even tiny insect larvae can detect and respond to potential risk while yet inside the egg. That response allows the larvae to remain in the safety of the egg, or to take their chances with early entry into the outside world, using an impressive cost-benefit risk assessment. Close-up image of an egg clutch with hatching embryos of the brown marmorated stink bug (Halyomorpha halys). The saucer-like cap on each egg is the operculum, and the dark triangular object is the 'egg burster' on the forehead of the embryo. The egg burster is pushed repeatedly against the operculum until the hard covering of the egg cracks, providing both a mechanical vibration cue and an opening through with the nymph emerges from the egg (photo: Jun Endo).
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